Abstract-An inventory model for a deteriorating item with price sensitive demand is developed under deterioration rate, which is assumed to follow weibull distribution with known parameter. In addition, we allow for multiple price changes about an item, but the number of price changes isn't given. The purpose of this paper is to find the optimal number of price settings, the optimal dynamic prices and the order quantity that maximizes profits for firm. A solution procedure is found to determine the optimal decisions.
I. INTRODUCTION
In the previous literature on inventory management, most of the inventory models have been developed under the assumption that the product once in stock remains physically unchanged and fully usable for satisfying the demand during sale period. However, the deterioration of goods is a realistic phenomenon. The problem of deteriorating inventory has received considerable attention in recent years.
It is well known that certain products, such as medicine, food, blood, gasoline and radioactive chemicals and so on, decrease usefulness from the original one because of change, vaporization, decay, damage, obsolescence and loss of utility or loss of marginal value of a commodity during their normal storage period. As a result, while determining the optimal inventory policy of certain type of products, the loss due to deterioration cannot be ignored.
Many researches in deteriorating inventory assumed constant rate of deterioration. The analysis of deteriorating inventory began with Ghare and Schrader (1963) , who established the classical no-shortage inventory model with a constant rate of decay [1] . Recently, Yang (2003) developed an integrated inventory model with constant rate of deterioration [2] . Teng （2005）provided economic production quantity models for deteriorating items. They assumed that deterioration rate is constant and price is not changeable in per sale period [3] . Dye (2006) established a deteriorating inventory model with constant deterioration rate. In this model shortage is allowable, but price is unchangeable [4] .
Since a Weibull distribution can be used to effectively describe the product in stock deterioration with time. The deterioration rate increases with age, that is, the longer the items remain unused, the higher the rate at which they fail. Covert and Philip (1973) extended Ghare and Schrader's model and obtained an economic order quantity model for a variable rate of deterioration by assuming a two-parameter Weibull distribution [5] . In the inventory theory, the deteriorating inventory models have been continually modified so as to accommodate more practical features of the real situations. Researchers including Mondal (2003) , Chou (2007) , Lo (2007) and Skouri (2009) developed economic order quantity models that focused on inventory management of products under Weibull distribution deterioration [6] - [9] . According to this situation, in this paper, we also assume the deterioration rate as a time function of Weibull distribution .
At the same time, pricing is an effective strategy to influence demand. Therefore, demand is often price dependent. In the last few years, many researchers have been studying on inventory models with pricedependent demand. Polatoglu (1991) examined an inventory model for developing pricing and procurement decisions simultaneously [10] . Khouja decision variables and discount strategies are used to sell excess inventory [11] . Shinn and Hwang （2003） dealt with the problem of determining the order quantity under the condition that the demand is a convex function of price and the delay in payments is order-size dependent [12] .
To boost revenue, suppliers may dynamically adjust their prices to sell more products and services than before. For example, airlines can use computer reservation systems to dynamically change ticket prices according to actual sales status. However, this advantage is accompanied by numerous costs and problems. Costs associated with the dynamic pricing approach include costs on computer equipment, data update, and information technology. With the development of information technology, costs and problems are decreasing. The pricing or promotion strategy can be easily applied to many practical problems.
Due to this advantage of dynamic pricing, some researchers have observed the phenomenon that profit for a supplier may be affected by price-adjustment. You （ 2007 ） investigated an inventory model in which the demand is price dependent. In this paper, price is dynamic when the number of price changes can be controlled [13] . Pan (2008) constructed a mathematical model in which the demand is price dependent to analyze pricing and order size for a service product when the number of price-adjustment is known [14] .
It is noted that many related papers assumed that the number of price changes is given. This assumption implies that the price decision is determined under the assumption that the times of price changes are prespecified. But all of the above articles rarely considers the case with the number of price setting (when to change price) and the corresponding prices are simultaneously determined when the Weibull distribution is used to represent the deterioration rate of the product in stock and the demand is price-dependent.
The purpose of this paper is to develop the solution procedure to determine (1) the optimal order size, (2) the number of price settings and (3) the optimal sale prices for a deteriorating item. The rest of the paper is organized as follows. In Section 2, we introduce the assumptions and notation used throughout this paper. In Section 3, we formulate the mathematical model and analysis to find an optimal solution. In Section 4, a numerical example is used for a better understanding of this model. Finally, we make a summary and provide some suggestions for further research.
II. NOTATION AND ASSUMPTIONS
The mathematical model is developed based on the following assumptions: 1. Dividing the sale period into m equal time periods, n each with T time units. 
A. The model
In this section we develop the model for the problem. Suppose the firm divides the sale season into m periods. In addition, assume that the firm sets the order quantity and the sale price at Q and
In this paper, we use two-parameter Weilbull distribution to represent the distribution of deterioration. a and b are the parameters of the Weibull distribution whose probability density function is
The instantaneous rate of amelioration of the on-hand inventory in any time t is ( ) t θ which obeys a twoparameter Weibull distribution is given by
Where a is the scale parameter, a>0; b is the shape parameter, b>0; t is time of deterioration, t>0. Since the demand rate at time t of period i is ( ) -
Where two time points 0 and T denote the starting and ending times of each period, respectively. ( ) i I t is the inventory level at t point of period i.
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At the same time, from the boundary condition ( ) 0, 
Now, we will develop the profit function, which is comprised of sales revenues, inventory holding cost, purchasing cost and pricing setting cost. 
B. Analysis
In this section, we will develop an algorithm for finding the optimal Q, m and p. Substituting the value Q in (4) into (9), we can reduce the number of variables of the objective function in (10) . Thus, our problem is reduced to the problem of finding the values of m and p that maximize ( ) , R m p subject to the constraints (11) 
Proof.
First, we have 
Thus, we have In this section we use numerical examples to illustrate the effectiveness of the proposed approach; we compare the profit and inventory level at different m. We find the maximal value of profit appear when m=5. From this example we can observe that the number of priceadjustment is important to inventory decision. It affects not only total profit of firm but also sale quantity , this number example proves this result from inventory management aspect. 
VI. CONCLUSIONS
This paper addresses a product pricing problem in which firm purchases and prices a product with Weibull distribution deterioration before a sale period. Numerous inventory models done in the past have stuided the deterioration produce inventory problem. However, few papers considered a situation in which the sale price can be adjusted during the sale period and the numbers of price change are unknown. Taking this situation into account, this paper developed a continuous-time model for finding the optimal order quantity and pricing setting/changing strategy. The main contribution of this article includes considering (1) deterioration with Weibull distribution, (2) multiple price changes, and (3) determining the numbers of price change.
In the present work, we do not consider the shortage on inventory. This requires us to formulate a new model. It will be left for the future. In addition, extension of the proposed model to other applications will be a focus of our future work.
